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Abstract 

Goal, Scope and Background. The ecoinvent database provides 
harmonised generic life cycle inventories for metal production 
and processing. They can be used as background data for differ¬ 
ent LCA applications. The goal of this paper is to provide an 
overview of the metals inventoried in ecoinvent. Beside, some 
methodological background information is given. Thefocus lies 
on a new methodology developed to inventorying joint resources. 
The implementation is shown in a case study of the production 
of primary copper on a global average. The respective process is 
assessed with Eco-indicator 99 (H,A) to identify dominant im¬ 
pacts within the production chain. 

Methods. In ecoinvent, a coupled production is inventoried in 
multi output unit processes. For database calculation, an allo¬ 
cation by economic revenue is applied. Elementary flows for 
resources, especially joint resources, include information on type 
and quality of the resources. 

Results and Conclusion. With the presented method, the extrac¬ 
tion of resources can be valuated based on the cost of restoration 
or the change in the future impact due to the extraction of a spe¬ 
cific resource. The case study indicates, for copper / molybdenum 
production, that the mineral extraction is of minor importance 
compared to the metallurgical step according to the LCIA results. 
Air emissions of heavy metals are identified as main impacts. Also, 
the resource depletion shows a notable impact. The environmental 
impacts of metalsfrom sulphidic ores, however, are underestimated 
by neglecting emissions from tailings for lack of reliable data. 

Recommendation and Perspective. Impact assessment methods 
will have to be updated to account for different grades of ore. 
The ecoinvent database should be enlarged by more inventories 
of technically important metals and alloys, e.g. by gold, silver, 
solders, etc. for the electronics industry and by specific steel and 
aluminium alloys. Reliable composition data of sulphidic tail- 
in gs a n d tra n sfer coeffi ci ents fo r thei r d i sposaI consi deri ng A ci d i c 
Rock Drainage (ARD) are to be developed as well. 


Keywords: Copper; couple production; ecoinvent; LCI model; 
life cycle inventory; metal production; metals; resource deple¬ 
tion; Switzerland; tailings 


Introduction 

Life cycle inventory data for the production and processing 
of a great number of metals was developed and harmonised 
within theframework of the ecoinvent 2000 project (Frisch- 
knecht et al. 2004a). According to the high relevance of 
metals in almost all economic fields, these inventories were 
given a high priority. 


The present paper describes the goal and scope of metal in¬ 
ventories in the ecoinvent database and provides an overview 
of its content with special focus on mining waste disposal. 
Furthermore, some important methodological aspects of in¬ 
ventorying metals are discussed. The focus in this part is on 
inventorying resources, especially joint resources. The aspects 
are shown on a case study of global copper production. 

1 Goal and Scope of Metals' LCI in ecoinvent 

For general information on goal and scope of the ecoinvent 
database, refer to Frischknecht et al. (2004a). The goal of 
the metal inventoriesin ecoinvent isto provide generic back¬ 
ground data to be used in an LCA of products and proc¬ 
esses. Ecoinvent datasets on metal production are not meant 
to be used directly to analyse the metal producing processes 
nor can ecoinvent data be used to compare similar alloys of 
the same metals. Like all ecoinvent data, the metal invento¬ 
ries relate to the common technology mix for the year 2000 
and to Europe or Switzerland. Since metal markets are glo¬ 
bal, datasets for other regions are established to be used in 
the production mixes for Europe. 

1.1 Metals inventoried 

Cast iron and three types of steel (unalloyed, low alloyed and 
stainless steel (Cr/N i 18/8)) are inventoried in ecoinvent. World 
average data for mining and beneficiation of iron ore, sinter 
and pellet production, and the metallurgical processes are in¬ 
ventoried. Blast furnaceand basic oxygen furnace (BO F) proc¬ 
esses are inventoried for primary steel production (converter 
steel), while secondary steel is produced by the electric arc 
furnace (EAF) process. The comprehensive data is based on 
sources from industry, literature and physical dependencies. 

Ecoinvent includes data for the primary aluminium produc¬ 
tion via Bayer-process and electrolysis, and for the second¬ 
ary production from both new and old scrap. 

World average data of bauxite mining is used while the rest 
of the aluminium production data relates to the European 
situation. The comprehensive data is based on sources mainly 
from industry. 

Thejoint production of copper and molybdenum is described 
in more detail in the case study to this paper. 

The primary nickel and ferronickel production is modelled 
for the global situation. N ickel is co-produced with copper 
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from sulphidic ore and the model is made accordingly. 
Ferro nickel, which is used as an alloy for steel, is produced 
from oxidic ores not yielding any usable co-products. For a 
lack of data, the secondary nickel production could not be 
inventoried. However, since most of the nickel is used in 
alloys, it is not recycled separately but with thealloyed steel. 
Data for major mass fluxes is based on a comprehensive 
study whiledata on emissionsfrom processesand from waste 
is based on only a few literature sources. 

The production of chromite, ferrochromium and metallic 
chromium in Europe is inventoried. Chromite ore is mined 
and beneficiated. It is used for the production of chromium, 
ferrochromium as well as chemicals and refractory materi¬ 
als. Ferrochromium is produced by direct reduction of 
chromite ore and used as an alloy for steel. Chromium is 
made by an aluminothermic process or by electrolysis, and 
mainly used for special, iron-free alloys (superalloys), e.g. 
for high-temperature exposed components in chemical and 
petrochemical industries. Since no chromium is recycled 
within the chromium industry, but directly to the foundries 
of the stainless steel industry, no secondary chromium is 
considered in this study. Data for major mass fluxes is based 
on a comprehensive study whiledata on emissionsfrom proc¬ 
esses and from waste is based on few literature sources. 

The production of ferromanganese and the further process¬ 
ing to manganese is inventoried for the European situation. 
Ferromanganese is used for alloying steel while manganese 
is used for alloying aluminium or for direct use (e.g. sputter¬ 
ing). Only the primary production is inventoried because 
manganese is mainly used in alloys and recycled in them. 
M ajor mass fluxes for the ferromanganese production were 
available in a comprehensive study while data on manga¬ 
nese production and on emissions from processes and from 
waste is based on a few literature sources. 

The primary production of the three platinum group metals 
(PGM ) platinum, palladium and rhodium, is modelled as 
couple production with copper and nickel for South Africa 
and Russia. For the secondary production of PGM , the re¬ 
cycling process of automotive catalysts is modelled. Data 
for major mass fluxes is based on rather comprehensive 
sources from industry, while data on emissions from proc¬ 
esses and from waste is based on a few literature sources. 

The production of lead and zinc (co-production), tin and cop¬ 
per alloys is inventoried mainly based on theoretical models, 
similarity assumptionsand estimations. Recycling is neglected. 

Metal processing such as rolling, extrusion, drawing, coat¬ 
ing and welding is inventoried in separate datasets which in 
combination with the metal models a metal sheet, section 
bar, wire, etc. Data is mainly based on IPPC (2001), theo¬ 
retical models and similarity assumptions. 

2 Modelling Principles 

2.1 System layout and boundaries 

Ecoinvent Data vl.l contains inventory data for many techni¬ 
cally important metals and metal processing operations. Ac¬ 
cording to the general rules (Frischknecht et al. 2004a), the 


primary metals are as far as possible inventoried in unit proc¬ 
esses for mining, beneficiation and metallurgy. The secondary 
metals are modelled by scrap collection, sorting and the recy¬ 
cling processes. For some of the metals, a mix of primary and 
secondary material is modelled using the share of secondary 
material in the production of the year 2000. The decision 
whether to use data of primary, secondary or the mix of the 
two depends on the goal and scope of the LCA to be con¬ 
ducted (Werner 2002, Werner 2003, Werner & Richter 2000). 
For many metals from ores containing different usable metal 
fractions, co-production processes are modelled. Allocation is 
usually done by economic revenue. Resources are inventoried 
including information on their concentration and composi¬ 
tion and allocated by mass to respect mass conservation. 

2.2 Modelling land use and infrastructure 

Land use is inventoried as land occupation and land trans¬ 
formation. The land use for mining and disposal of overbur¬ 
dens and tailings is inventoried directly within the mining 
and disposal process. The lowering of land above under¬ 
ground mines is not considered to affect the ecosystem qual¬ 
ity. Thus, land use for underground mines is not invento¬ 
ried. In most of the metal inventories, no restoration was 
assumed. For additional reclamation of the mine we suggest 
to model it based on the corresponding processes from baux¬ 
ite or iron ore mining. Land use for the mine infrastructure 
(buildings, permanent roads, machines...) is inventoried in 
the infrastructure processes. Details on inventorying land 
use and infrastructure are given in Althaus et al. (2004b) 
and Frischknecht et al. (2004a). 

2.3 Modelling tailings and overburden disposal 

M ining produces considerable quantities of unwanted min¬ 
erals since the desired metal occurs only in relatively low 
grades in the ore. These residues are referred to as overbur¬ 
dens (wastefrom mining) or tailings (wastefrom processing 
of ores) (IPPC 2002). 

Overburdens are always assumed to be inert. If they are 
backfilled to the mines, they are considered as recycled and the 
cut-off rule is applied. If they are dumped on heaps, the land 
use of the dump site is inventoried in a special disposal process. 

Tailings disposal is implemented in ecoinvent using specific 
disposal processes for different types of tailings: 

1. The disposal of red mud from the aluminium hydroxide 
production is inventoried using a generic composition de¬ 
rived from literature (Altundogan et al. 2002, Anonymous 
2001, M cLaughlin et al. 1998, N PI 1999) and the model 
fortheSwissresidual landfill (Doka2003, Doka& H ischier 
2004). This model takes into account that the pH of red 
mud is high and that it will remain high for as long as 
emissions from the land fill are modelled (60,000 years). 

2. N on-sulphidic tailings, e.g. from ferronickel, chromite 
or manganese beneficiation, are assumed to be chemi¬ 
cally inert. Thus, the disposal of them is principally in¬ 
ventoried likethedisposal of overburdens. However, the 
land use for disposal of tailings is higher than for dis¬ 
posal of overburdens. 
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Fig. 1: Impacts from metal production in ecoinvent (neglecting emissions 
from sulphidic tailings deposition) and from crudely modelled emissions 
from the deposition of the sulphidic tailings of this production 


3. Sulphidic tailings asthoseof e.g. copper, nickel, PGM (plati¬ 
num group metals), lead or zinc tend to Acid Rock Drain¬ 
age (ARD), a process in which sulphur oxidises in the pres¬ 
ence of metal, water and oxygen to sulphuric acid. This 
process is often promoted by bacterial activity and lasts as 
long as sulphur is present in the material. Thesulphur serves 
as a source of energy for bacteria like the autotrophic 
Thiobacillus ferrooxidans. Its metabolism is a most im¬ 
portant driver in the ARD. ARD accelerates the weather¬ 
ing due to the acidic environment with a pH of 2.5 to 3 in 
the saturated phase and metals are washed out into the 
ground water over a very long time period (Lottermoser 
2003). Despite the phenomenon of ARD, the disposal of 
sulphidic tailings in ecoinvent comprises only land use and 
land transformation. This is due to a lack of reliable data 
for the modelling of tailing disposal. The composition of 
tailings is very variable depending on the mine and there is 
only very few data available from specific sites. Also, the 
modelling of transfer coefficients for the heavy metals in 
thetailingsfromthedisposal site to theground water would 
require many site specific information as e.g. the rainfall 
at or geological information of the disposal site. To esti¬ 
mate the potential scale of the impacts of tailings emis¬ 
sions a hypothetical average composition for generic 
sulphidic tailings was derived and the emissions from its 
disposal were crudely modelled (Althauset al. 2004a, N on 
Ferrous M etal Winning Auxiliary Processes). This data 
can be used to include emissions from tailings disposals 
into inventories of metals from sulphidic ores. Fig. 1 
shows the impacts of the production of different metals 
neglecting the emissions from tailings deposition and the 
impacts from the corresponding tailings deposition ac¬ 
cording to this data. Even though the relevance for the 
sulphidic metals and also for low alloyed steel (contain¬ 
ing 1% of M o) is high, the high uncertainty led to the 
decision to exclude emissions arising from ARD in this 
version of ecoinvent data completely and to develop more 
reliable models for a later version. 


2.4 Inventorying material resources in ecoinvent 

A new methodology of inventorying material resources and es¬ 
pecially joint metal resources complying with the commonly 
used impact assessment methods is proposed in ecoinvent. Im¬ 
pact assessment methods usually aggregate and assess resources 
based on one of the following criteria (Guineeetal. 2001): 

- mass 

- reserves 

- cost of restoration or substitution of the resource 

change in the future impact of the extraction due to the need to 

extract from lower grade deposits 

Inventory data for metal ores on the other hand usually re¬ 
late either to the amount of a specific metal in the ore or to 
theamount of a specific metal-containing mineral in theore. 
Such inventory data strictly allow only simple assessments 
based on mass and reserves since the other criteria depend 
on the type and quality of the deposit from which the re¬ 
source is extracted. Therefore information on the concen¬ 
tration of the metal in the ore and on the amount of over¬ 
burden is needed. As we have mentioned above, many metal 
ores contain several metalsthat are co-produced. Thesejoint 
resources need to be represented in inventories bearing in¬ 
formation on all extracted elements or minerals present in 
the ore to allow for an assessment. 

The method of inventorying abiotic resources developed for 
ecoinvent allows the assessment of single or joint resources 
based on all of the above mentioned criteria. The elemen¬ 
tary flow in ecoinvent relates to the element or mineral in 
focus and delivers information on its content in the ore and 
on the content of other economically valuable elements or 
minerals in the crude ore. The depletion of a joint sulphidic 
copper and molybdenum ore, for example, is inventoried as 
extraction of 'Copper, 0.99% in sulfide, Cu 0.36% and M o 
8.2E-3% in crudeore, in ground' and 'M olybdenum, 0.022% 
in sulphide, Mo 8.2E-3% and Cu 0.22% in crudeore, in 
ground' (Table 1). The concentration of copper in the sul¬ 
phide is 0.99% . Si nee there are minerals not containing cop¬ 
per in the crude ore, the copper concentration in the crude 
ore is only 0.36%. The elementary flow, however, relates 
only to the first mentioned metal. Thus, the extraction of 
1 kg 'Copper,... in ground' stands for the extraction of 1 kg 
copper contained in 277.8 kg of crudeore. The yield of the 
mining and beneficiation process is 84% and the extraction 
of the copper resource is completely allocated to the copper 
concentrate produced. Thus, 1 kg copper concentrate (con- 


Table 1: Resource demand and products as modelled in the joint copper 
molybdenum production _ 



Allocation to 

Input 

Amount 

Cu 

Mo 

Copper, 0.99% in sulfide, 

Cu 0.36% and Mo 8.2E-3% 

0.36 

kg 

100 

0 

in crude ore, in ground 





Molybdenum, 0.022% in sulfide, 
Mo 8.2E-3% and Cu 0.36% 

0.0078 

kg 

64 

36 

in crude ore, in ground 





Output 




Cu concentrate (29.7% Cu) 

1.00 

kg 

100 

0 

Mo concentrate (55% Mo) 

0.0041 

kg 

0 

100 


Int J LCA 10 (1) 2005 


45 















































































Materials and Agriculture 


The ecoinvent Database 


taining 0.297 kg copper) is won from 0.36 kg 'Copper, 0.99% 
in sulfide, Cu 0.36% andMo8.2E-3% in crudeore, in ground 1 . 
The extraction of the molybdenum resource is allocated to 
the copper (64%) and the molybdenum (36%) produced be¬ 
cause, on a global scale, only 36% of the molybdenum mined 
together with copper is actually won while 64% are disposed 
of as an overburden. The yield for production of molybde¬ 
num concentrate is 80%. Thus, of the 7.8 g of M o mined 
together with 0.36 kg copper only 2.8 g is processed of which 
2.3 g isfinally contained in the molybdenum concentrate. The 
molybdenum mined but not extracted from the ore is allo¬ 
cated to the copper produced. These elementary flows allow 
an assessment of all abiotic resources based on any of the ex¬ 
isting impact assessment methods. However, care has to be 
taken to not double count joint resources. 

3 Case Study: Joint Production of Copper and 
Molybdenum 

In the last decade, a broad discussion about environmental 
issues arose in the metal winning industry. Life cycle impact 
assessment (LCIA) is able to analyse the entire production 
system towards impacts. It is therefore a more integrated 
approach than the discussions on specific technical optimi¬ 
sation issues. 

This case study shows the implementation of the global cop¬ 
per production mix copper, primary, at refinery in ecoinvent. 
It is taken as an example to identify dominant impacts in 
the metal production chain. The inventory data from eco¬ 
invent vl.l covers all the processes from extraction, bene- 
ficiation and tailings management to hydro- and pyro- 
metallurgical processes including land use and transforma¬ 
tion, the disposal of slags as well as the co-production of 
sulphuric acid from the off-gas. As a result, the main im¬ 
pacts within the production chain on a global average are 
discussed according to the Eco-indicator 99 (H,A) valua¬ 
tion method 1 (Goedkoop & Spriensma 2000). 


1 This method of impact assessment values from a hierarchist viewpoint. 


3.1 Inventories for copper production and copper consumption 

The copper production is represented in ecoinvent by a set of 
inventories representing the different deposits and the specific 
technologies applied in different regions of the world (Krauss 
et al. 1999). The regions distinguished are North America 
(RNA), Latin America (RLA), Europe (RER), Asia (RAS), 
Australia / Indonesia (ID) and a global weighted mix (GLO). 
The technology mix associated with the resulting six regional 
inventories is displayed in Table2. Theregional inventoriesof 
primary copper production consist of the pyrometallurgical 
processes, the respective specific exploitation and the respec¬ 
tive share in hydrometallurgical produced copper as showed 
in Fig. 2. Note, that the regional inventory for exploitation 
copper ore in ecoinvent is a multi-output process with the 
products copper, concentrate, at beneficiation and molybde¬ 
num, molybdenite concentrate, couple production Cu. 


copper, SX-EW, 
at refinery 

hydrometallurgical 

processes: 

• process specific 
emissions 

• energy and material use 

• waste disposal 

• infrastructure / land use 


copper, primary, at refinery 

pyrometallurgical processes: 

• process specific emissions 

• energy and material use 

• waste disposal 

• infrastructure / land use 





exploitation of copper ore 

• mining and beneficiation 

• mine waste disposal 

• land use 

• energy and material use 

—> copper, concentrate, at 
beneficiation 


Fig. 2: Layout and system boundary of the inventory of copper, primary, 
at refinery. This inventory describes the winning of copper on global aver¬ 
age from cradle to the refinery's gate and it refers to the inventories of 
copper, concentrate, at beneficiation and the hydrometallurgical copper, 
sx-ew, at refinery 


Table 2: Technology mix reflected in the copper inventories of the different regions (Krauss et al. 1999) 


Production in MMT 
(10 6 metric tonnes, 1994) 

North America 

South America 

Europe 

GUS / Asia 

Indonesia / 
Australia 

World 

Region in ecoinvent 

RNA 

RLA 

RER 

RAS 

ID 

GLO 

Total copper prod. 

3840 

1185 

2915 

295 

8760 

Reverberatory furnace a) 

895 

70 

595 

90 

2010 

Electric furnace b) 

30 

80 

170 


425 

Outokumpu b) 

995 

775 

1320 

40 

3160 

Inco b) 

350 


90 


440 

Kivcet b) 



40 


40 

Mitsubishi b) 

100 


200 


300 

Noranda b) 

180 



40 

220 

Teniente b) 

415 




415 

Vanyukov b) 



155 


155 

Other a) 

200 

200 

40 

90 

530 

SX-EW c) 

675 (17.6%) 



25 (8.8%) 

800 (9.4%) 

total recorded 

3840 

1125 

2610 

285 

8495 

Abatement S0 2 

50% 

50% 

95% 

20% 

20% 

45% 


a) furnace type with moderate S0 2 -emission (2.5 t /1) (Ayres et al. (2002)) 

b) furnace type with moderate S0 2 -emission (0.151 /1) (Ayres et al. (2002)) 

c) furnace type with little S0 2 -emission (0.015 t /1) (Ayres et al. (2002)) 
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TheLCA practitioner usually is not so interested in the pro¬ 
duction inventories, but in the inventory representing the 
actual composition and origin of the material used. Such an 
inventory consists of a mix of different production invento¬ 
ries and a certain transportation service; it is therefore very 
contextual and varies from application to application. Nev¬ 
ertheless a consumption mix copper, at regional storage is 
implemented in ecoinvent. This inventory represents the situ¬ 
ation for Germany in 1994 and stands for the generic cop¬ 
per consumption in European countries. Since this supply 
mix is a specific blend of different imported primary mate¬ 
rial, primary material from imported concentrate, primary 
material from domestic production and secondary material 
from old and new scrap, it should be used carefully and 
adapted to the actual study by assembling production in¬ 
ventories and transport service accordingly The secondary 
material in the consumer mix originates from old and new 
scrap (Bertram et al. 2002). New scrap is used directly in 
the foundries, whereas old scrap is inventoried as copper, 
secondary, at refinery. In this process the old scrap enters 
the pyrolytical production chain as raw material where it is 
converted together with 10% of blister copper (Rentz et al. 
1999).Thecollection and pre-treatment of old and new scrap 
is inventoried in copper, secondary, at beneficiation. 

3.2 Resource intensity of copper production 

Copper can be found in sulphidic minerals, such as chalco- 
pyrite (CuFeS 2 ), chalcocite (Cu 2 S), bornite (Cu 5 FeS 4 ) and 
enargite (Cu 3 AsS 4 ). An other resource type is oxidic min¬ 
eral, which is the weathered products of sulphide minerals, 
especially malachite (CuC0 3 *Cu(0 H ) 2 ), azurite (2CuC0 3 * 
Cu(OH ) 2 ), cuprite(Cu 2 0) and chrysacolla (CuSi0 3 *2H 2 0). 
In the beginning of the 20 th century in the U.S., the copper 
ore mined had grades of 3.4% 2 , it was mined entirely un¬ 
derground. Nowadays, the grades have fallen in a global 
average below 1% (Ayres etal. 2003). Worldwide 70% of 
the copper production originates from open cut operations. 
Krauss et al. (1999) estimate that hydometalIurgical tech¬ 
niques (Solvent-Extraction / Electrowinning, SX-EW) con¬ 
tribute to 10% of the global production. The overall yield 
for pyrolytical production based on sulphidic ore averages 
81% on a global scale, whereas the SX-EW shows a yield of 
70%. Land use of copper mines has been thoroughly stud¬ 
ied in recent years. M artens et al. (2002) studied a large 
number of mining sites and estimated the total land use to 
be 0.02 m 2 per tonne ore mined. The results of these investi¬ 
gations have been used in ecoinvent. 

The worked sulphidic ores of copper deposits often contain 
molybdenum as molybdenite (M oS 2 ). Almost half of the glo¬ 
bally produced molybdenum originates from such deposits 
where molybdenum and copper jointly occur. Only at the 
stage of beneficiation the extracted ore is divided in copper 
and molybdenite concentrate. Therefore, the mining and 
beneficiation stages are modelled in ecoinvent as multi-out- 
put process, in which the coupled resources are allocated to 
the coupled products by mass. All other exchanges in this 


2 All percentages by weight 


process are allocated by economic revenue (see 3.4 Invento¬ 
rying M aterial Resources in ecoinvent). This allocation rule, 
taking advantage of the separately modelled resources, 
decouples the two products from each other. M olybdenite 
concentrate receivesa portion of the inventory from thecou- 
pled multi-output process and enters the production chain 
of molybdenum. In the copper production chain, it is no 
longer of importance. 

3.3 Mining and beneficiation 

Today only 30% of the copper is mined underground - the 
rest is mined in open pits with very large equipment. The 
resulting economies of scale make lower grade ores work¬ 
able. Globally, 90%-95% of copper is extracted from sul¬ 
phide minerals. On average, one tonne of sulphur is extracted 
with each tonne of copper. The oxide ores account for 5%- 
10% of the global copper production. An exact estimation 
is not easily possible due to time lags resulting form extrac¬ 
tion techniques and the variety of used resources (Krauss et 
al. 1999). Si nee ecoinvent uses mining data of sulphidic ores 
as a proxy for mining of oxidic ores, the oxidic resource is 
represented by theelementary flow for sulphidic copper ore. 
Dust emissions from extraction and ore handling are inven¬ 
toried with an average ore composition and as particulate 
matter (PM ) according to Frischknecht et al. (2004b), while 
the distribution of size ranges and load are based on litera¬ 
ture (N PI 2001). 

After mining, the ore is ground. The metal bearing particles 
are separated from unwanted minerals by the means of mag¬ 
netic separation. In a flotation step, the gangue is removed 
from the sulphidic ore. Several organic chemicals are added 
to enhance the separation performance. In some cases cya¬ 
nide is used as a depressant for pyrite. The resulting slurry 
usually is led to tailing heaps or ponds. The resulting copper 
concentrates contain around 30% Cu. M olybdenite concen¬ 
trate is further purified and exits the process with a concen¬ 
tration of 90-95 % molybdenum disulphide. 

3.4 Pyro- and hydrometallurgical production 

In the copper production there are two distinct metallurgi¬ 
cal processes, which pose different demands to the concen¬ 
trate processed. Whereas the sulphidic ores are processed 
by pyrometal I urgical techniques, oxide ores and supergene 
sulphide ores (i.e. ores not containing iron) can be recov¬ 
ered most easily by hydrometallurgical techniques. The 
hydrometallurgical process wins copper by electrolytic means 
from an electrolyte rich in dissolved copper. The electrolyte 
is obtained by leaching the raw ore for considerable time 
spans; therefore, no further beneficiation of the ore is re¬ 
quired. The hydrometallurgical process is only applicable to 
oxide ore, sulphides have to be roasted prior to leaching. In 
the course of the metallurgical step, sulphur present in the 
ore is oxidised to S0 2 . 

In ecoinvent, the inventories of primary copper production 
consist of a mix of production processes reflecting the spe¬ 
cific technologies in different world regions (see Table 2). 
The calcination of previously added lime releases 0.44 kg 
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C0 2 per tonne lime. Depending on the technology mix, the 
SO 2 -emissions after abatement range from 36 kg /1 Cu for 
European smelter to 1296 kg/t Cu for Indonesian smelter 
(Ayres et al. 2003, Krauss et al. 1999). The abatement effi¬ 
ciency for SO 2 is likely to be higher for newer smelting fa¬ 
cilities due to technological improvement and stricter legis¬ 
lation. The sulphur dioxide retained exits the system as 
sulphuric acid with zero burden (cut-off approach). In the 
sense of a system expansion, the acid production substitutes 
H 2 S0 4 -use at other points in the production chain, i.e. the 
ore leaching for hydrometal I urgical winning. 

4 Results and Discussion 

The following part discusses the results of the individual 
impacts assessed with theEco-indicator 99 (H ,A). The proc¬ 
esses considered correspond to the production of one kilo¬ 
gram primary copper on a global average, as it is discussed 
in the previous sections of this paper. This process is repre¬ 
sented in ecoinvent with the inventory of copper, primary, 
at refinery (GLO). 

Contributions of individual impacts are shown in Fig. 3. 
The values in this figure are grouped according to the sub¬ 
processes 'Concentrate' (mining and beneficiation of sul- 
phidic ore), 'Primary copper' (pyrometallurgical step) and 
'SX-EW' (mining of oxidic ore and hydrometal I urgical proc¬ 
ess) in three columns. These columns add up to the respec¬ 
tive contribution of the sub-process. The last column labelled 
with 'Total' summarises impacts from different sub-proc¬ 
esses. The values in the last line indicate the remaining im¬ 
pacts, adding up to a total of 0.42% of the impacts that are 
not covered by this representation. 


The most important impacts stem from the pyrometallurgical 
step in the form of emissions of heavy metals to air. These 
emissions total 55% of the total assessed impact. The emis¬ 
sions of sulphur dioxide arising from smelting are assessed 
to bemuch smaller (8.8%). The assessment with other meth¬ 
ods can alter this result. Using the method of ecological scar¬ 
city (Swiss Ecopoints, UBP), the result is shifted towards an 
increased importance of the S0 2 -emissions compared to 
heavy metal emissions to air. H owever, the highest potential 
for improvement lies in the abatement technology of 
pyrolytical processes. The impacts resulting from fuel use 
and its preparation, from lime addition and finally slag dis¬ 
posal areof minor importance, contributing to less than one 
percent. Within the mining and beneficiation step, the dust 
emissions from ore handling as fine particular matter (PM 10 
and beyond) and, finally, the uses of the resource itself are 
considered to yield the most important impacts. Within the 
used impact assessment, particulate matter from mineral 
sources is valued equal to that from combustion. Since dust 
from mineral sources probably has a lower impact to hu¬ 
man health than soot, for example, this valuation seems 
questionable and the weight of dust emission in this study 
might have to be relativised. Blasting (including explosive 
manufacturing and blast fumes) and maintenanceof themill 
(in the form of chromium steel consumption due to abra¬ 
sion) are also noteworthy. Tailings disposal from sulphidic 
and oxidic ores are assessed to be of minor importance in 
the overall picture. This, however, is probably due to the 
data gap for the emissions from sulphidic tailings disposal. 
Post-consumer secondary copper from European smelter as 
represented in ecoinvent vl.l with copper, secondary, at re¬ 
finery (RER) is assessed with only 9.3% compared to the 
primary copper production on a global average. 
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Fig. 3: Contributions of individual impacts within the primary copper production according to the damage-oriented valuation method Eco-indicator 99 
(H,A). Elementary flows like emissions into air in the dataset for concentrate extraction or primary copper smelting represent direct process-specific 
emissions; emissions from combustion are stated separately 
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5 Conclusion 

The new methodology of inventorying material resources 
allows for specific impact assessment according to the re¬ 
source quality and for dealing with jointly occurring re¬ 
sources in a consistent way. While the copper-molybdenum 
ore is extracted in a single process, the resulting concen¬ 
trates enter two different production chains taking along its 
share in the burden from mineral extraction. 

In the assessment of the global primary copper production 
with Eco-indicator 99 (H ,A), the extraction of the mineral 
plays a minor role compared to the metallurgical step. Im¬ 
pacts from tailings management within the extraction itself 
are not assessed to be the main issue. H owever, the inclu¬ 
sion of emissions taking place from site closure on to the 
distant future indicates considerable additional impacts (see 
Fig. 1). Further research in the field of long-term emissions 
of disposal sites will lead to a better understanding of that 
complex subject and might lead to a reconsideration of the 
impacts of tailing sites. 

The way how the use of secondary material is modelled in 
ecoinvent has a relevant influence on the assessment, since 
impacts of primary copper production exceed the impacts of 
secondary material by one order of magnitude. The cut off 
approach has been applied consistently in ecoinvent. How¬ 
ever, if used consistently, the value-corrected substitution ap¬ 
proach (Werner 2003) may bean alternativesolution to model 
the copper production, especially in consequential LCA. The 
findings stress the role of resource depletion in the case of 
copper and its reuse in subsequent product life cycles. This 
sustains a vision of anthropogenic material flows that are al¬ 
most self-sufficient by achieving a high recycling quota, sub¬ 
stituting only that minimal amount of material that is 
dissipatively lost for further use (Rechberger& Graedel 2002). 
Achieving this goal requires optimal product design. 
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